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Abstract 
In this paper, burning performance of liquorices was tested by cone calorimeter. The results indicated that liquorices were easily to be 
ignited, the minimum ignition heat flux intensity theoretically can be speculated at 5.8822kW • m-2;during the early time of the ignition of 
liquorices, in view of the thick carbonized layer formed on the surface of samples, which delayed the pyrolysis of liquorices, the peak heat 
release rate was greater under lower heat flux than other conditions, and the average heat release rate increased with the growth of heat 
flux; during the early time of the ignition of liquorices, specific extinction area and CO yield was higher; with the increase of heat flux , 
specific extinction area and CO yield decreased. Hence, the fire risk of liquorices can’t be ignored. 
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013. 
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1.    Introduction 
Liquorice, which is a perennial herb of legume [1], is an important medicinal material. In recent years, there are many 
liquorice fires in our country, which bringing significant economic losses, such as in October 2007, Urumchi liquorice 
warehouse occurred smoldering fire, the fire was extinguished by the fire brigade after ten hours. Because liquorice paralyze
d during the heated process, all the 150 tons goods of liquorice were all lost. So far, there is few combustion performance   r
esearch of licorice, in this paper, the burning behaviour of liquorice was researched by cone calorimeter in order to evaluate
the fire risk. 
2. Experimental materials and methods  
2.1.  Test samples and test conditions 
In the experiment, the samples were bought from an ordinary pharmacy, with the aluminium foil wrapped  back and sides 
to reduce the quality losses [2].In order to guarantee smooth surface of combustion, sample is clamped with stainless steel 
mesh. Because liquorice paralyzed under low intensity radiation, the test thermal radiations were 15 kW/m2, 20kW/m2, 
25kW/m2, and 30kW/m2, to research the burning behaviour of liquorice. Specific design parameters were shown in table 1. 
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Table 1. Design parameters of operating condition 
2.2.  Instrument equipment  
Cone calorimeter is based on the oxygen consumption principle material combustion performance test instrument [3]. 
Because of its extremely similar combustion environment with the real combustion environment, the test results and the 
large burning test results exist good correlation, which can be used to characterize the burning behavior, in evaluating 
material, material design and fire prevention etc, it has important reference value, at present cone calorimeter has become 
one of the most important instruments to research burning behavior of materials [4,5].   
The basic combustion characteristic parameters tested by cone calorimeter are: Time to Ignition(TTI) ,Heat Release 
Rate(HRR), Mass Loss Rate(MLR), Smoke production rate(SPR), CO Yield(COY),and so on .  
3. Results and analysis   
3.1. Time to ignition(TTI)  
TTI is a very important parameter to evaluate the burning behavior of materials [6]. At the same condition, the shorter 
the TTI of material is, the easier material will be ignited, and the flame will spread to the surrounding material easily, so the 
fire risk of material is bigger. The data from table 2 showed that with the radiation intensity increased, the materials ignited 
more easily. 
Table 2. Ignition timing of liquorice under different conditions  
 
In terms of the radiation intensity as Y-axis, the reciprocal of the square root of ignition time as X-axis, the linear 
regression equation (1) can be obtained and a fitting curve shown in Fig. 1. 
y = 195.6x + 5.8822                                                                                     ˄1˅ 
From the formula (1),the minimum thermal radiation intensity can be speculated at 5.8822kW • m-2 under experimental 
conditions, whose physical meaning is the required heat radiation intensity that the material ignited in infinite time, so it can 
be treated as a material characteristic parameters of radiation ignition [7]. 
 
Fig. 1. Reciprocal diagram of heat flux and the root mean square ignition time  
 
Heat Flux( kW/m2) 
15 20 25 30 
Weight(g) 36.1 38.6 37.5 40 
Time to ignition (s) 
Heat Flux( kW/m2) 
15 kW /m2 20kW/m2 25kW/m2 30kW/m2 
liquorice 426 190 116 63 
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3.2. Heat Release Rate(HRR) 
HRR is one of the most important parameters to describe the process of fire, which decided the energy release in fire, and 
is a basic parameter of the fire danger degree [6]. Peak heat release rate represents the maximum heat release rate of 
material [8-10]. The average heat release rate represents the average level of heat material releases in fire. The bigger the 
average heat release rate is, the more violent material burns.   
As can be seen from Fig. 2, under different radiation intensity conditions, the variation of heat release rate of liquorice 
samples is basically similar, there were two peaks in the combustion process, which was due to liquorice formed carbonized 
layer during pyrolysis, which delayed heat transfer, and blocked a portion of volatiles coming into the combustion zone [11], 
but with the carbonized layer thickness increasing, carbonized layer broke because of increasing rupture stress, the heat 
release rate increased again ,occurred the second peak. 
As can be seen from Table 3, with the thermal radiation intensity increasing, the general trend of he average heat release 
rate increased, but the peak heat release rate showed a decreasing trend, which was due to under lower thermal radiation 
intensity conditions, carbonized layer formed slowly, but under higher thermal radiation intensity conditions, at the 
beginning of the liquorice ignition , carbonized layer formed quickly, which delayed heat transfer, but in smouldering 
fires, the thermal radiation intensity shouldn’t very high.  
 

Fig. 2.  HRR curve of liquorice under different heat flux 
Table 3.  HRR of liquorice under different conditions  
 The first peak of heat release rate / average value (kW/m
2˅ 
15 kW /m2 20kW/m2 25kW/m2 30kW/m2 
liquorice 165.8/6.5 155.2/11 142.1/12.9 142/13.7 
3.3. Mass Loss Rate(MLR)  
Actually, Mass loss rate is the thermal decomposition rate of combustion [6]. Generally, mass loss rate is bigger, which 
indicating the material is easy to paralyze, the flame propagation speed is faster, the greater the risk of fire. Fig.3 illustrates 
the mass loss rate curve of samples under different radiation conditions, which showing with the increase of heat flux, the 
peak of the mass loss rate gradually increased. 
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Fig. 3.  MLR curve of liquorice under different heat flux 
3.4. Specific extinction area(SEA) 
Specific extinction area (referred SEA) reflects the quantity production of smoke during the combustion process. As can 
be seen from Fig. 4, with the radiant flux increases, specific extinction area reduced, which indicating the more fully 
combustion is, the fewer smoke produced, When the flame went out after 440s , the combustion was in the smouldering 
stage, smoke production increased again. 
 
Fig. 4. MLR curve of liquorice under different heat flux 
3.5. The yield rate of CO(COY) 
In building fire, CO is the most common toxic constituent in smoke. So CO generation is to measure the rate of fire of 
fire risk of important parameters of material [12].From Fig.5 we can see, the samples of CO yield rate with heat flux 
decrease. This is because under higher heat flux condition, completeness of combustion is higher; CO is mainly the 
production of incomplete combustion conditions. When the flame goes out, the combustion was in the smouldering stage, 
smoke production and CO yield rate increased again. 
 
Fig. 5. CO yield curve of liquorice under different heat flux 
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4. Conclusion   
Through the above analysis and discussion of the experimental data, we can get the following conclusions: 
(1) Liquorice is easily to be ignited. The higher the intensity of thermal radiation is, the shorter the ignition time is. By 
linear fitting, the minimum thermal radiation intensity theoretically can be speculated at 5.8822kW • m-2 under experimental 
conditions. 
(2) At the beginning of the liquorice ignition, due to the surface of carbonized layer is thick, with the thermal radiation 
intensity increasing, the general trend of the average heat release rate increased, but the peak heat release rate showed a 
decreasing trend. Therefore, the fire risk of liquorice can’t be ignored, especially in the early stage after ignited. 
(3) At the beginning of the liquorice ignition, smoke production and CO yield rate is high. 
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